The reported incidence of radiation pneumonitis (RP) has varied widely in clinical studies ranging from 0% to 54%. This wide range is probably the result of differences in its precipitating factors. This study aimed to find out the predictive factors of RP in patients with NSCLC who were treated with concurrent chemotherapy and radiotherapy (CCRT). We prospectively studied 76 lung cancer patients who were treated with CCRT consecutively between January 2011 and May 2013 in the Department of Radiation Oncology at Cancer Institute, Assiut University. Radiographic images, pulmonary function tests and symptom assessment were used for the diagnosis of RP. Of the studied 76 patients, 25 patients developed RP (33%), 15 of them developed grade 2 RP, 8 patients developed grade 3 RP, 1 patient developed grade 4 toxicity, and 1 patient developed grade 5 toxicity. In multivariate analysis, FEV1 value (p = 0.000) and chronic obstructive pulmonary disease (COPD) (p = 0.012) were the most significant factors associated with RP. Pretreatment FEV1 value and COPD are useful indicators for predicting RP in NSCLC patients treated with CCRT. Pretreatment of pulmonary function and base-line pulmonary disease is critical for patients' well being after chemoradiotherapy.
lung cancer [1] . Higher radiation doses will not only improve local control rate but also increase the incidence of treatment related toxicity [2] [3] . The reported incidence of radiation pneumonitis has varied widely in clinical studies ranging from 0% to 54% [4] . This wide range is probably the result of differences in the precipitating factors as total radiation doses, number of fractions and fraction dose, and the differences in associated chemotherapy regimens. Clinical manifestations of RP are usually nonproductive cough, mild fever and dyspnea on exertion. Besides these non-specific symptoms, several other factors such as difference in radiation techniques and variable reporting methods can contribute to the variability of the RP incidence [4] [5] [6] [7] [8] . Although most patients with mild RP recover spontaneously, some with severe RP suffer from bothering symptoms that can lead to poor quality of life and in a few cases to death. Lung cancer patients, who frequently suffer from underlying chronic obstructive pulmonary disease (COPD), present a major population where radiotherapy (RT) faces this challenge. RT must be carefully and conservatively planned for such patients to minimize comorbidities and complications related to surrounding lung injury [9] .
At present, there is no generally accepted means to predict the individual patient's risk of developing radiation pneumonitis morbidity accurately even though dosimetric assessment of radiation pneumonitis has been studied extensively [1] [2] [3] [4] [5] . This study aimed to find out the predictive factors of RP in patients with NSCLC who were treated with CCRT.
Patients and Methods
We prospectively reviewed the medical and radiation records of lung cancer patients who were consecutively treated with concurrent chemotherapy and radiotherapy between January 2011 and May 2013 in the Department of Radiation Oncology at Cancer Institute, Assiut University. Patients were included if they had newly diagnosed and pathologically confirmed NSCLC and clinically staged as IIIa or IIIb, treated with CCRT. Radiographic images, PFTs and symptom assessment were used for determining the occurrence of RP. Our study was performed in accordance with the guidelines of the institutional review board of Faculty of Medicine of Assuit University that approved the study.
Radiation Techniques and Radiation Parameters
Patients were positioned in the treatment position (generally supine with arms above their heads) Radiotherapy was planned using standard 3D conformal techniques for all patients >95% of the planning target volume receiving the prescribed dose. Radiation therapy was administered using photon beams, with energy between 6 and 15 MV. Target volume consisted of the original and boost volumes if the radiation dose were beyond 50 Gy. Original volume was based on a planning CT scan taken before chemotherapy, and included primary lesion, any grossly involved nodal sites, plus ipsilateral hilum, and mediastinum with a margin of 2 cm. Even if the primary tumor was in the lung periphery, only one radiation field was used to cover it and the mediastinum. The mean lung dose, lung volume irradiated to 20 Gy (V20), and volume of lung irradiated to 30 Gy (V30) were used as dosimetric parameters to estimate the lung volume irradiated. The right lung and the left lung were contoured separately and then taken into consideration as a single structure called "total lung," which was defined, as in the study of Graham et al. [4] : (Right lung + Left lung) − PTV. All treatment plans were approved if conventional dosimetric lung constraints were respected: V20 of 35% or lower, V30 of 18% or lower, and mean lung dose of 20 Gy or lower [10] .
Dose limitation was defined as follows: the V20 of lung less than 31%, the V55 of esophagus less than 50%, the V40 of heart less than 40 Gy, and the maximum dose administered to the spinal cord was 40 Gy. The concurrent chemotherapy consisted of Cisplatin, Gemcitabine or Navilbin [9] .
Evaluation of RP
All patients were examined by their treating radiation oncologists weekly during radiotherapy and 4 -6 weeks after completion of radiotherapy. The patients were then followed every 3 months unless they had symptoms that required immediate examination or intervention. Radiographic examination by chest X-ray or CT was performed at each follow-up visit after completion of chemoradiotherapy. If patients had symptoms, such as fever, cough or shortness of breath, they would be required to have an immediate examination or intervention. A diagnosis of RP was based on clinical symptoms and radiographic infiltrate changes corresponding to the radiation portal observed during concurrent chemoradiotherapy, within the first 6 months after treatment and in the absence of any other likely cause [10] .
RP induced by chemoradiotherapy was diagnosed by the history of chemotherapy after radiotherapy, clinical presentation and radiographic abnormalities including ground-glass opacity, attenuation, or consolidation changes within the radiation field, plus that radiographic examination of the thorax before showed no radiation pneumonitis. RP was graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (CTC) version 3.0 [11] as follows: Grade 1 pneumonitis was asymptomatic and diagnosed by radiographic findings only; Grade 2 pneumonitis was symptomatic but did not interfere with daily activities; Grade 3 pneumonitis was symptomatic and interfered with daily activities or required administration of oxygen to the patient; Grade 4 pneumonitis required assisted ventilation for the patient; and Grade 5 pneumonitis was fatal. Informed consent was obtained from all the subjects.
Evaluation of Pulmonary Function
Standard spirometric parameters were determined using a model Pulmonary Function Test Horizon Systems Spirometer (Sensor Medics, Italy). Spirometry was performed at least three times in each patient during each examination and as a measure of reproducibility at least two of the tests had to be within 5% of each other. The pulmonary function test data were described as a percentage of predicted values. The lung transfer factor for CO (DLCO) was measured with the single breath technique 2235. DLCO values measured while breathing room air were corrected for hemoglobin concentration [12] .
Statistical Analysis
The following clinical parameters were considered: gender, age, smoking and history of COPD, induction chemotherapy, concurrent chemotherapy regimens, and forced expiratory volume in 1 second (FEV1). Pearson ChiSquare test was performed to compare clinical parameters between patients who developed RP and those who did not. Univariate and multivariate logistic regression analysis were performed to evaluate data associated with RP. All statistical tests were 2-sided and P ≤ 0.05 was considered statistically significant.
Results
Of the studied 76 patients, twenty five patients developed RP (33%), of which 15 developed grade 2 RP, 8 patients developed grade 3 RP, 1 patient developed grade 4 toxicity, and 1 patient developed grade 5 toxicity. All patients received concurrent chemotherapy, The chemotherapy regimens were Cisplatin, Gemcitabine or Navilbin. There were 52 men and 24 women with a median age of 65 years (range, 45 -81 years). Median follow-up was 8 months. RP occurred between 9 week and 16 week (median, 8 weeks) from start of treatment. Cancer stage was determined in all patients as per the 2006 Joint Committee on Cancer guidelines. There were reduced mean values for FVC, FEV1, and significantly reduced FEV1% (40% vs. 63%) (P = 0.000) ( Table 1) in patients who developed RP related to CCRT. Univariate analysis showed that there was no significant difference between the clinical parameters (sex, age, smoking history, site, stage), histopathology, comorbidities other than COPD and chemotherapy regimen of patients with and without RP) (Tables 1-4) . The presence of COPD ( Table 4 ) was also significantly higher with RP (72% vs. 49%) (P = 0.001). The results of the final multivariable model suggested that FEV1 and COPD were significant predictors of RP (P = 0.03 and 0.01, respectively).
Discussion
Radiation pneumonitis takes place usually within 1-6 months after completion of radiation therapy [13] [14] . The diagnosis of radiation pneumonitis is established by clinical symptoms, a history of radiotherapy, or radiographic evidence. The treatment for radiation pneumonitis largely includes oral or intravenous steroids, oxygen, antibiotics and sometimes, assisted ventilation. The reported incidences of radiation pneumonitis were inconsistent because of inconsistencies in the criteria used to define radiation pneumonitis, heterogeneity in patient populations, and differences in treatment regimens and radiotherapy techniques [15] [16] . Radiation pneumonitis is the most common toxicity after radiotherapy for thoracic tumors and can have substantial influence on the morbidity and mortality of patients with lung cancer. Therefore, it is essential to find out the predictive factors for the development of RP to reduce the incidence of RP. Many studies reported that radiation dose and irradiated Table 3 . Radiation dose and chemotherapy regimen in patients with and without RP. lung volumes are closely associated with the risk of RP. Several DV parameters have been proposed as predictive factors for RP but still there is no consensus about which parameters are ideal for predicting the RP. The incidence of RP is 33% (25/76) in our study, which was more than that reported by Yom (11) using IMRT (12%), and similar to other results using conventional radiotherapy [16] [17] . Perhaps this is because IMRT techniques, which had high conformity and spared more normal lung from irradiation, and therefore may have induced a lower rate of severe radiation pneumonitis. In our study, the patient population is quite homogeneous compared with most published studies: All patients had Stage III NSCLC, and received concurrent chemotherapy and conventional radiotherapy. The homogeneity of demographic data in the study allowed us to focus on our studied factors.
There are many reported studies [18] [19] [20] in which the risks of radiation pneumonitis were found to be associated with a variety of clinical parameters. Sex, age, smoking history, pre-existing pulmonary disease, performance score and pulmonary function before radiotherapy have been reported to affect the risk for radiation pneumonitis [20] [21] . It also has been reported [22] [23] that chemotherapy, particularly when combined with thoracic radiation therapy, was associated with an increased risk for radiation pneumonitis. However, in our study, we only found that COPD and FEV1 were significantly associated with RP, suggesting that the pulmonary function before radiotherapy and base-line pulmonary disease is critical for patients' well being after chemoradiotherapy. Our findings are consistent with that of Robnett [9] and Rancati [6] . In addition, univariate analysis showed that there was no significant difference between the clinical parameters (sex, age, smoking history, site, stage), histopathology, comorbidities other than COPD and chemotherapy regimen of patients with and without RP.
One possible explanation for this result is the small sample size in this study. The discrete use of individualized radiotherapy was another factor. If a patient has COPD and therefore has poor lung function, it is recommended to modify the treatment plan and restrict the DV parameters than conventionally planned cases. This consideration might have compensated for the RP susceptibility of these vulnerable patients.
Regarding to pulmonary function, there were significant reductions in pretreatment pulmonary function in cases that developed RP related to CCRT particularly FEV1. Many investigators showed the decline in the PFT, and its correlation with the symptoms. Hope et al. [15] reported the change of pulmonary function in patients with long term disease free survival. Inoue et al. [24] reported similar result that showed significant reduction in PFT at 6 months after RT which continued beyond 1 year. We separately evaluated the PFT changes before the start of treatment. Lack of repeating PFTs after CCRT and to correlate the degree of pulmonary functional changes with the severity of RP and age adjustment were limitations in this study. In spite of these limitations, we can assume that pretreatment FEV1 and the association of COPD could predict the development of RP after CCRT in lung cancer. This needs to be explored with forthcoming studies.
Conclusion
Pretreatment FEV1 value and COPD are useful indicators for predicting RP in NSCLC patients treated with CCRT. Pretreatment of pulmonary function and base-line pulmonary disease is critical for patients' well being after chemoradiotherapy.
